Potential and currertt distributions are calculated for a partially passivated rotating disk electrode. A discontinuous local polarization relation is used to reflect the change from the active to the passive state. Results of the model yield a z~shaped polarization curve similar to curves measured experimentally by Epelboin et al.
Introduction
Passivation of iron in sulfuric acid has been noticed by investigators for some time. Franck. An explanation was presented which relates the oscillating current-potential behavior to an ohmic drop in the· solution and the stability of an iron oxide film.
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In a series of papers, Hurlen presented kinetic parameters important for the description of the iron electrode. In this paper a model is developed which corresponds to the experimental results obtained with an iron rotating disk electrode in sulfuric acid solution.
7 .
More recently, Epelboin et al. showed the importance and validity of an electronic devide for obtaining polarization curves. Briefly, they explained the hysteresis of the current~potentialcurve observed with potentiostatic control in terms of the operating characteristic of the potentiostat. They also introduced a negative impedance converter (N.I.C.).This devide was used to control the currentpotential behavior of the iron electrode without hysteresis but with a continuous, reversible transition from the active to the passive state •. Because of its shape, the curve is referred to as a z shaped curve.
In.· this paper the portion of the polarization curve which descends from the limiting current plateau to a very small current is called To characterize the overall response of a disk electrode undergoing anodic polarization .
• a local polarization curve is needed.
There are many kinetic expressions from which to choose; however .
• we have considered an expression which shows a discontinuous change from the active to the passive state. For example, in the active region a modified Butler';"Volmer relatibnship is presumed to apply. '-'- conditions, both states exist simultaneously on the disk. Figure 2 is a description of the local polarization relationship.
It is possible to include the effects of mass transfer limitations without explicitly calculating the mass transfer of chemical species.
This is accomplished by including the concentration dependence of the limiting reactant in the kinetic expression. Art applicable expression is 
(6)
(8)
limitations and to equation 2 when mass transfer limitations are considered.
One does not hope to find a solution to Laplace's equation subject to these boundary conditions in the literature. A solution is obtained by superimposing solutions to Laplace's equation subject to boundary conditions which are algebraically equivalent to those given above. The three solutions are: (10) where I II ¢ , ¢ , and alL satisfy equations 3, 4, 8, and 9; while on the disk electrode at z = 0 , they satisfy the following 
n=O n n n r nt: .
p .
The current density at the working electrode is given by
From the orthogonal properties of Legendre polynomials, the coefficients can be expressed as
It is conveniertt to use the results of Nahis and Kesselrnan 9
for solutions to the second and third terms in equation 10. The potential just outside the double layer is the potential of most cortcern and is given as
(15)
where K[t ....
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In the completely passive region, no detailed calculations are needed as the current density is uniformly equal to i The potential p distribution is simply given by equations 16 and 17.
The Newton-Raphson method was found to be efficient, as convergence was obtained within a few iterations. For the transition region, calculations were also done using a method of successive approximations.
Excellent agreement was obtained. However. convergence was very slow for this method, and it was necessary to damp the calculations strongly.
Results and Discussion
The principal value of the model and the analysis is an overall description of the total current from the rotating iron electrode during anodic polarization. The ~inetic parameters used to fit the model to the experimental results are :lnc1uded in Table 1 
where E is a number which varies from 1 for a primary distribution The four curves for any given value of p correspond to rotation speeds of 750, 1600, 3000, and 4500 rpm.
-21-all four rotation speeds. The experimental curves also reflect an increase in the average current density as one travels toward the passive state.
Epelboin et al. made measurements of the total current from the disk electrode and the dimensions of the active electrode. Figure 8 presents the results Of these measurements and calculations from the model. However, it should be emphasized that some of the experimental results indicated that the current was restricted to a thin ring and no noticeable faradaic reaction occurred inside the inner radius or beyond the outer radius of the ring, whereas the model considers an active disk whose radius decreases as the passive state is approached. .t::.
-c: P which corresponds to a thin ring near the periphery of the disk.
However, it is inconsistent to have a g value obtained near the limiting current plateau equivalent to a calculated value of which corresponds to the primary resistance of a thin ring. . . •.
• -29-
